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Naltrexone, a nonselective opioid receptor antagonist, is known to improve cognitive 
functions and exhibits neuromodulatory effects in the elderly. The aim of the study 
was to investigate the effects of Naltrexone on anxiety and empathy-like behavior in 
old rats. After learning period on empathy test, old rats subjected empathy-like 
behavior and anxiety-like behavior tests in two groups: Naltrexone-treated and non- 
Naltrexone treated. Corticosterone levels in serum were detected by ELISA. We 
observed that in anxiety tests (open field, elevated plus maze, corticosterone levels) 
of Naltrexone-treated rats showed less pronounced anxiety symptoms than non- 
Naltrexone treated rats. Naltrexone-treated rats showed better performance on the 
empathy-like behavior test. We surmised that Naltrexone improved helping behavior 
associated with anxiolytic effectiveness and can assume that stress is a factor which 
prevents helping behavior in aged subjects. 
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INTRODUCTION 


Empathy is comprised of emotional and cognitive skills and can 
be defined as the capacity to understand and respond to the 
emotional experiences of others. Empathy enables humans to 
establish social relationships and adapt to their community (1). 
Studies suggest that cognitive empathy decreases with 
advancing age (2-4). It has been suggested that cognitive 
empathy associated with the loss of attention, memory and 
perception, structural detoriorations in brain, slowing in process 
speed, and reduced reasoning ability may be diminished in the 
elderly (2, 3, 5). In our previous studies in rats, we observed 
helping behavior (empathy-like behavior), which may have 
exhibited a useful model for understanding the neurochemical 
processes of empathy (6-8). 


Opioids are widely produced in the central nervous system. 
There are some records that opiods strengthen social bonds, 
reinforce social and affiliative behavior, and lead to altruistic 


behavior (9-11). Endogenous opioids have been implicated 
with anxiety-related behaviors. It has been reported that 
stressful stimuli increase kappa opioid receptor activity(12). 
Some studies suggest that kappa opioid receptor (KOR) 
blockers exhibit anxiolytic properties (13, 14).(15, 16). 
Naltrexone (NTX), a non-selective opioid receptor blocker 
(mu, delta and kappa receptors), can produce both reinforcing 
and repressive effects on behavior through different receptors 
(10). NTX improved aging-related impaired cognitive test 
scores in old rats and demonstrated neuroprotective and 
neuromodulatory effects in some neurological pathologies 
(such as behavioral addictions, chronic pain, experimental 
Parkinson model) (17-20). 


The neuromodulatory effects of NTX may affect the helping 
behavior. The aim of this study was to investigate the effects of 
NTX on anxiety and empathy-like behavior in old rats. 
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METHODS 


Experimental procedures in this study were carried out by our 
study team in accordance with the ‘Guide for the Care and Use 
of Laboratory Animals’ guide. Animals were obtained from the 
institutional animal laboratory and their care and procedures 
were approved in our institutional ethics committee (date and 
number: 05.04.2018-40/2018). All rats were fed with standard 
laboratory chow and kept in standard room temperature 
(22+1°C) and humidity (60%). 


In this study, we used Sprague-Dawley male old rats (24-26 
months, 390-430 g weight) divided into two groups. Control 
group: sham control rats (CR, n=8) received subcutanous 
injections of saline; treatment group: NTX-treated rats (NTR, 
n=8) received subcutanous injections of NTX. Both groups 
were subjected to the same experimental procedures. 


For 30 days before the experiments, the rats were housed in the 
same cage with randomly selected pairs to get accustomed to 
one another. The rats were subjected to handling and then 
placed in the empathy apparatus for 7 days (5 minute) to enable 
them to adapt to the experimental environment. Following the 
adaptation period, for a duration of 12 days, all the rats were 
placed in the empathy apparatus for them to learn to rescue their 
cage mate. 


An empathy-like behavior experiment was performed on the 
13th day with saline (at a dose of 1 ml/kg) or NTX injections 
(at a dose of | mg/kg) subcutanously. After empathy-like 
behavior test other behavioral experiments were performed. 
Experiments were recorded using a video camera and a video 
tracking system device equipped with EthoVision XT Software 
(Noldus Information Technology Inc., Leesburg, VA, USA). 


Immediately following empathy and other behavior 
experiments, all rats underwent thoracotomy under CO2 
anesthesia and blood samples were obtained by right heart 
ventricule puncture. Blood samples were centrifuged at 1,000 g 
for 10 minutes and serums were collected and stored at -80 °C 
until the biochemical analysis. 


Behavior Experiments 
The empathy-like behavior experiment 


In this study, an apparatus similar to the one described 
previously was used to test the empathy behavior in rats (21). 
The apparatus is a black plexiglass rectangular box 
(450x450x900 mm) separated in the middle by a transparent 
section which divides the box into two equal compartments; 
one of the compartments is a pool area and other is a dry area. 
The transparent part contains a transparent door which allows 
passage between the two areas. The observer rat in the dry 
compartment can open the door and rescue the cage mate, who 
is immersed in the pool compartment (Figurela, 1b). The roles 
were reversed after the cage mate had dried. The experimental 
period was 300 seconds and the durations of rescue time for 
each rat was recorded. 


The elevated plus-maze test 


The elevated plus maze test is used to determine anxiety signs 
in rodents (22). In this test rodents were put on a platform which 
is above 50 cm from the ground and with a plus shape. The 
platform contains two open and two close arms which have 50 
cm long. The rats explored the platform and choosed open or 
close arm to stay more time. The experiment duration was 300 
seconds. We recorded staying duration at the arms and 
frequency of entry to the arms. Staying longer duration at the 
close arm than open arm or staying shorter duration at the open 
arm interprets as anxiety sign. 


The open-field test 


The open-field test is implemented to determine locomotor 
activity and anxiety of the rodents (23). In this test we utilized 
a black opaque plexiglass box (50x100x100 cm). The ground 
of the box was divided into equal squares (75% at the edges, 
25% at the center). We left the rats at the center area of the box 
and recorded their exploration behavior for 300 seconds. We 
evaluated total distance travelled, time spent in the centre area 
and margin area in this test. The spending more time at the 
margin zone rather than the center zone indicates anxiety. 


Biochemical measurement 


ELISA measurement was performed according to the kit 
protocol to calculate serum corticosterone level. Rat specific 
Corticosterone ELISA Kit (Cat.No E0496Ra, Bioassay 
Technology Laboratory, China) was used. All results were 
calculated with mg protein per tissue. Absorbency changes 
were measured using a microplate reader (ELx800, BioTek 
Instruments, Inc., Winooski, Vt, U.S.A) at 450 nm for ELISA 
kits and at 560 nm for protein assay kit. 


Statistical analysis 


In the statistical evaluation of data was applied SPSS 24.0 
software (IBM, Turkey). The Kolmogorov-Smirnov normality 
test was performed. The T-test analysis was applied when 
variables in normal distribition. When the variables were not 
normally distributed the Kruskal Wallis test was used. 
Correlations among the variables in normal distribition were 
calculated by Pearson correlation analysis. p values < 0.05 were 
considered statistically significant. Median and standard 
deviation values were indicated. The minimum, maximum, 
median and quartile values of each group were presented in box 
plot graphs. 
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Figure 1. a The empathy-like behavior experiment. The rat rescues the cage mate by opening the door. b Experimental procedures. 


RESULTS 


Serum corticosterone levels were significantly different 
between two groups (t(14)=3,11, p=0.008). Compared to the 
CR group (2,25 + 0,22 ng/ml), corticosterone levels were 
significantly decreased in the NTR group (1,95 + 0,16 ng/ml) 
(Figure 2a). The door opening times were significantly different 
among the two groups (t(8,2)=4,2, p=0.003). When NTX- 
treated and non-NTX treated groups were compared, door 
opening latency in the NTR group (20,50+27,33 sec) were 
significantly decreased compared to door opening latency in the 
CR group (162,37+90,81 sec) (Figure 2b). The corticosterone 
levels were found to be moderately correlated with the door 
opening durations (r=0,525, p=0.03) (Figure 2c). 
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The open field test demonstrated a significant difference 
between the groups in terms of total distance traveled 
(t(14)=-5,35, p<0.0001). The total distance traveled 
measurements of the NTR group (1787 + 340 cm) was 
significantly longer than CR group (1031 + 209 cm) (Figure 
3a). The spent time in the margin area showed no significant 
difference and in the centre area displayed significant 
difference between the groups (t(14)= —2,77, p=0,015) (Figure 
3b, 3c) . In the centre area, spent time in the NTR group 
(6,26+2,79) was longer than in the CR group (3,19+1,39). 
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Figure 2. Serum corticosterone measurements, door opening durations and correlation analysis. a The serum corticosterone levels 
of the NTR group decreased compared to the CR group (p=0.008). b The door opening duration in the NTR group was faster than 
in the CR group (p=0.003). ¢ There was a positive correlation between door opening times and corticosterone levels. NTX: 


Naltrexone, CR: Control. 
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Figure 3. The open field test. a In the open field test, total distance traveled increased in the NTR group compared to the CR group 
(p<0.0001). b In the NTR group compared to the CR group, the time spent was long on the centre area (p=0.015). c On the margin 
area there was no significant difference between the groups. NTX: Naltrexone, CR: Control. 
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difference among the groups (t(14)= —3,14, p=0,007)(Figure 4 the open arms (1,00+0,75) was less than in the NTR group 
a-c). In the NTR group (8,15+3,76 sec), time spent in the open (2,12+0,99) (Figure 4d, 4e). 
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Figure 4. The elevated plus maze test. a The time spent in the open arm was long in the NTR group in comparison to the CR group 
(p=0.007). b-c On the closed arm and on the common area, the time spent showed no significant difference between groups. d The 
frequency of open arm entry was higher in the NTR group than CR group (p=0.023). e The frequency of closed arm entry displayed 
no significant difference between NTR and CR groups. NTX: Naltrexone, CR: Control. 
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DISCUSSION 


We observed that compared to the CR group corticosterone 
levels were significantly decreased in the NTR group. In our 
study the anxiety tests of the CR and NTR groups exhibited 
changes consistent with corticosterone levels. In the open field 
test, the total distance traveled in the NTR group was longer 
and the time spent in the centre area was longer than in the CR 
group. In the elevated plus maze test, the NTR group spent 
more time on the open arm and enter into open arm more often 
than in the CR group. This consequences may be related to 
reduced anxiety level of NTR group. In rats, high anxiety 
causes hiding behavior towards an enclosed or edge area. In 
these tests, anxious rats exhibit immobility and freezing 
behaviour. When facing a threatening situation, the behavior 
inhibition system can be activated in the limbic system regions 
of the brain causing anxiety responses such as freezing and 
immobilization (24). Anxiolytic drugs increase locomotion and 
exploration in anxiety-like behavior tests (25). Previously, the 
anxiolytic efficacy of NTX was observed in rats exposed to 
prenatal stress (26). We consider these findings to be associated 
with decreased anxiety and increased locomotor activity in the 
NTR group. 


We observed that the CR group did not open the door -or opened 
it later than the NTR group. The increased empathy-like 
behavior of the NTR group was associated with having lower 
anxiety levels than the CR group. It has been reported in animal 
experiments that a decrease in anxiety level increases social 
interaction (27). In our study, the correlation analysis showed 
that door opening durations and corticosterone levels displayed 
positive moderate correlation. Repression of anxiety in old rats 
may have reinforced social interaction and helping behavior. 


NTX administered in the treatment of alcohol and opioid 
dependence is an opioid receptor blocker that can bind non- 
selectively to mu, delta and kappa receptors (28). In the 
anxiolytic activity of NTX against emotional stimuli, kappa 
opioid receptor (KOR) blocking is more effective than other 
receptors. It has been noted that NTX reduces emotional arousal 
against negative stimuli by possible kappa receptor antagonism 
(29). 


During stress, the expression of dinorphins, one of the 
endogenous opioid peptides, increases and the dinorphins bind 
to KOR in the limbic system (30). Human and animal models 
have shown that dinorfin-KOR activation plays a role in 
negative emotional behavior responses such as stress-related 
dysphoria, aversive behavior, anxiety, and depression (30-33). 
For example, studies have demonstrated KOR antagonists 
disrupt the cycle of drug addiction by increasing the resistance 
to stress and resulting in avoiding negative emotions (34). Some 
studies suggest KOR antagonists as a therapeutic agent in 
stress-related disorders (35). Research has also reported that 
stress and aversive behavior induced by corticotropin-releasing 
factor can be prevented by KOR blocking (32). In rats, fear 
conditioning was found to increase the level of KOR in the 
amygdala, and when these receptors were blocked, conditioned 
fear and anxiety-like behaviors were reduced (36). In an another 
study in rats, KOR antagonism ameliorated CRF-induced 
deficit in attention-related performance testing (37). In our 
study, NTX may have caused anxiolytic efficacy by dinorfin- 


KOR blockage and may have improved the empathy-like 
behavior in old rats. On the other hand, NTX affects cognitive 
functions such as attention and perception (38). Enhanced 
cognitive functions may contribute to empathy-like behavior in 
the elderly (39). 


As a result, we observed in this study the reinforcing effect of 
NTX on the empathy-like behavior of aged subjects. NTX, 
ameliorated empathy-like behavior with possible anxiolytic 
effect. Previously unknown effectiveness of NTX on the 
empathy-like behavior in elderly subjects is open to research. 
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